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PROGRESS IN RENEWABLES
Dr. Robert L. San Martin
Deputy Assistant Secretary for Renewable Energy 
U.S. Department of Energy
ABSTRACT
This is a status report on progress made in 
the conduct of eleven Federally-supported 
renewable energy programs. Considerable 
progress has been made in the establishment 
and development of an infrastructure to 
support sustained growth. Unique technical 
problems led to the research and development 
of materials and designs which have achieved 
energy conversion efficiencies of up to 25% 
for electricity and 92% for heat in solar 
thermal systems. Overall, enough real pro­ 
gress has been made to provide a sound tech­ 
nology base upon which renewable energy 
systems industries can reasonably continue 
development.
INTRODUCTION
In 1973, the need to conserve energy and to 
seek new energy sources was thrust almost 
violently on the United States. Congress 
responded with "The Energy Research and De­ 
velopment Act of 1974" (PL 93-473) authorizing 
"research and development programs respecting 
all energy sources, including... near-term 
and long-term needs..." specifically refer­ 
ring to solar and renewable energy sources. 
In compliance with this, and subsequently 
passed legislative mandates, Federal programs 
were initiated, developed, and conducted by 
ERDA and later in 1977 by the Department of 
Energy.
An exhaustive review of these programs would 
require the examination of many technical, 
operational, economical, and institutional 
considerations. To narrow the scope, for 
this review, it must first be understood 
that in 1973-74 there was complete absence 
of any comprehensive education or training 
programs; manufacturing, installation, 
operation or maintenance capabilities;
financing or insuring; national state or 
local codes or ordinances; public budgets; 
and/or overall public awareness for the 
support of renewable energy programs. Now, 
colleges and universities are developing 
renewable energy education courses, national 
laboratories and field testing centers are 
available to provide training to techni­ 
cians, financial institutions and insurers 
will support renewable energy systems pro­ 
curement and installation, there are many 
codes and ordinances throughout the nation 
governing the installation, operation and 
maintenance of systems, and the general 
public is becoming increasingly aware not 
only of the need for energy conservation 
but of the potential benefits of utilizing 
renewable energy resources to meet their 
energy needs. That this general reorien- 
tation has occurred quickly, at acceptable 
costs, and with virtually no disruption of 
political, commercial or domestic life­ 
styles or values reflects a measure of 
progress of considerable significance.
Apart from the endeavors to establish and 
develop a national renewable energy support 
infrastructure, research and development 
activities have been conducted to prove 
concepts, improve designs, utilize better 
materials, and improve performance effi­ 
ciency and reliability. While many of the 
problems encountered and successes achieved 
have been in such established fields as 
plumbing, structural engineering, heat trans­ 
fer, steam boiler fabrication, and power 
conversion, many problems and requirements 
have been isolated, examined and solved 
which are unique to renewable energy 
technologies. This review focuses on 
some notable examples of the advances 
made with materials and designs which
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provide another measure of progress, 
and provide indications of profitable ap­ 
proaches for future research and development.
RENEWABLE ENERGY PROGRAMS
Solar Thermal Program. The solar thermal pro­ 
gram is composed of irive separate endeavors, 
each of which addresses a major technology 
for converting the sun's heat to other forms 
of usable energy.
Central Receiver Technology. A first gener­ 
ation 10 MWe central receiver plant which 
employs a water steam receiver is nearing 
completion. Further research is underway to 
improve the efficiency of receiver subsystems 
and to improve the strength, durability and 
performance of heliostats.
Receivers using air, molten nitrate salt, 
and liquid sodium as working fluids are 
being tested. Each fluid provides an oppor­ 
tunity to examine operations at varying heat 
ranges, from 0-550°C with water/steam up to 
1200°C with gas (air or helium). Highly 
efficient systems appear to have an appli­ 
cation for utility repowering.
These efforts have resulted in the develop­ 
ment of new techniques for welding thin 
walled tubes in separators.
Advanced heliostat designs and materials 
have already reduced projected costs from 
those of first generation designs of $500 
per square meter to about $100 per square 
meter.
Parabolic Dish Technology. The parabolic 
dish program is concentrating on increasing 
the efficiency of receivers and power con­ 
version units for use in generating elec­ 
tricity.
An air Brayton ceramic receiver has been 
tested at temperatures up to 2600°F, indi­ 
cating the suitability of using ceramic 
elements in high temperature, high-flux 
environments; and, of the feasibility of 
transmitting high solar fluxes through a 
quartz window. An experiment is underway 
to test the same receiver with a Brayton 
gas turbine designed to operate at about 
1500°F with an expected efficiency of 
between 30-40%, to generate 20 kWe.
Power conversion units which use high- 
efficiency heat engines (Rankine, Brayton 
and Stirling cycles) are being developed to 
utilize the dishes 1 high temperatures (750°- 
3000°F). A Stirling conversion module 
achieves 38% efficiency at a working temper­ 
ature of 650°C and produces 23 kWe. An
Organic Rankine module employing toluene 
with 25% efficiency will produce 20 kWe at 
750°F.
To provide structural support for dish 
concentrator mirrors, foam glass has been 
developed. This material has the same 
coefficient of expansion as silvered glass 
thereby reducing stresses.
A first generation total energy system, 
employing a parabolic dish system to provide 
space heating and cooling, electricity, and 
process steam, will commence operation soon 
at a small remote industrial site.
Parabolic Trough Technology. The parabolic 
trough program, which has concentrated 
on the production of industrial process 
heat, is virtually complete.
The need for coating receivers for trough 
collectors, with high absorbtion in the 
visible spectrum and low emittance in the 
infrared, has led to the production and 
use of a stable black chrome that gives 
70% efficiency (radiation to heat) at 
600°F.
Advanced trough designs, capable of mass 
production, are now being tested. Manu­ 
facturing techniques being examined 
include:
o stamped sheet metal with adhesively 
bonded mirrors,
o sheet molding compound with mirrors 
integrally molded into the structure,
o steel-skinned/aluminum-cored honey­ 
comb with chemically strengthened 
mirrors, and
o gravity sag and pressformed laminated 
glass mirrors supported by a space 
frame.
Hemispheric Bowl Technology^ Hemispheric 
bowl technology utilizes a fixed hemispheric 
reflector with a tracking receiver. The 
geometry of the concept creates multiple 
reflections which must be overcome to im­ 
prove radiation to thermal conversion 
efficiency. A test system delivering 63% 
efficiency has been operating satisfac­ 
torily for over two years.
Solar Salt Pond Technology. Salt gradient 
solar pond technology R&D is relatively 
new. Radiant to thermal conversion effi­ 
ciencies of about 14% with pond temperatures 
as high as 94°C have been achieved. Pre­ 
liminary research data indicates promising 
possibilities for improved performance. 
The following problem areas are being 
examined:
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o optimization of lower zone salinity
levels, 
o non-disruption of gradient zones
during extraction and injection, 
o piping and diffuser configurations, 
o flocculants, filters, and chemicals
for water clarification, and 
o soil permeability to warm brine
solutions.
Wind Program, The wind program is charac­ 
terized by having three wind system cate­ 
gories: small wind systems, large wind 
systems, and Darrieus vertical axis wind 
systems. Each system category focuses on a 
unique range of applications (small for 
remote rural, residential and agricultural, 
and large for industrial and utilities), 
and each has encountered unique R&D problems 
and achievements.
Small wind systems meet needs of up to 
100 kWe while utilizing wind resources in 
the 22-28 MPH range. Research concerns 
concentrate on the need to improve reli­ 
ability and to lengthen serviceable life. 
Fatigue, induced by vibration and static/ 
dynamic structural loads, is the primary 
cause of failures. New developments 
include the spring mounting of the rotor/ 
generator to enable backward rotation in 
very high winds, and flexible rotor beams 
which adjust blade pitch without resort 
to expensive pitch control mechanisms.
Large wind systems develop over 100 kWe 
with wind resources in the 27-35 MPH range. 
Concerns center on the improvement of 
performance per unit of weight. Weight 
reductions are being sought with wood-epoxy 
laminates, and fiberglass composites for 
blade materials. Systems (MOD 2) employing 
steel blades 300 feet in diameter, with a 
rated capacity of 2.5 MWe, have been devel­ 
oped, installed, and are in operation at 
projected costs to be about 5$. per KWH. 
Lessons learned are leading to the design of 
larger, more cost-effective systems. Much 
is yet to be learned about blade materials, 
their fatigue properties, and materials 
joining technology (woodwood, wood-steel, 
fiberglass-steel, etc.).
The Darrieus vertical axis wind system 
experiments demonstrated the need for 
improvements in aerodynamics and structural 
loading. Studies are being directed at 
methods for limiting maximum aerodynamic 
output (high wind operation) without 
negative effect on low and intermediate 
speed operations. Research systems have 
been fabricated in 2, 5 and 17 meter 
sizes. Three 17 meter machines are 
currently undergoing operational testing 
at different sites. These are currently
undergoing test.
Photovoltaic Program. Progress in photo­ 
voltaic systems research and development 
is reflected best by the resulting reduc­ 
tions in peak watt (Wp) costs. Starting 
with installed costs of hundreds of dollars 
per Wp, present costs are now in the $7 
to $15 per Wp range and indications are 
that costs of less than one dollar per Wp 
will be achieved this decade.
Achievements stem largely from the conver­ 
sion efficiency improvements attained with 
a wide range of cell types. Amorphous 
silicon cell efficiencies have progressed 
steadily from 4 to 5 to more than 6 percent. 
Copper sulfide/cadmium sulfide cells and 
polycrystalline silicon cell efficiencies 
have increased from 8.2% to more than 10%. 
Single-crystal silicon cells based upon 
silicon sheet and ribbon production have 
been fabricated, in laboratories, with cell 
efficiencies of almost 14%. And, thin-film 
single crystal gallium arsenide cell effi­ 
ciencies of about 17% have been achieved. 
Research is now aiming at a potential of 
22% efficiencies in light to electricity 
conversion.
The problems of fabrication and interfacing 
multilayered structures of differing compo­ 
sition are being analyzed. Multiband-gap 
advanced concentrators have shown up to 16% 
conversion efficiency, and the potential of 
attaining 35% efficiency based upon two 
different methods of coupling two junctions 
(tunnel junction or metal contacts) appears 
to be feasible.
Cost reductions have encouraged industry to 
enter the field to increase and improve 
systems design, manufacture and application. 
In 1980, 13 companies produced and marketed 
modules. This represents an annual private 
sector growth rate of 50% per year for the 
past 5 years. Thousands of photovoltaic 
systems have been installed in stand-alone 
remote applications. Larger systems oppor­ 
tunities for military and industrial needs 
are emerging daily.
Biomass Program. The biomass program is 
partitioned into two major subprograms, 
one addresses biomass feedstocks development 
and the other addresses biomass energy con­ 
version development. The aim is to in­ 
crease the supply of available feedstocks 
without adversely affecting the supplies of 
food and fibers required for other purposes; 
and, to improve the yield from feedstocks 
so as to produce liquid and gaseous fuels 
and petrochemical substitutes at competitive 
prices.
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Three general types of feedstocks are being 
considered: aquatic, herbaceous, and short- 
rotation woody plants.
Aquatic feedstocks development has focused 
on microalgae and screening efforts to date 
have yielded microalgae with 80% oil content 
and potentially high growth rates in saline 
water. Herbaceous crops research has con­ 
centrated on hydrocarbon plants grown on 
arid lands and grasses grown on marginal 
lands. The screening of 280 species re­ 
sulted in the selection of 26 plants for 
field research. Larger scale experiments 
with the four most promising plants 
(Euphorbia, sugar cane, napier grass and 
milkweed) have shown very encouraging 
results. Twenty-five woody plant species 
have been identified as the most promising 
short-rotation woody crops based on produc­ 
tivity, ease of management, and resistance 
to pests. Research data from experimental 
plots have shown productivity rates of 5 to 
9 dry tons per acre per year. By contrast, 
yields from current species and harvesting 
practices range from 1.5 to 3 dry tons per 
acre per year.
Feedstock energy conversion research has . 
focused on three technologies; thermo- 
chemical conversion, biochemical conversion, 
and photobiological conversion.
Thermochemical processes have proven the 
technical feasibility of producing oil from 
woody biomass. The gasification of wood has 
also been achieved with medium Btu gas being 
produced at a cost projected to be competitive 
with oil and natural gas. Other research 
has indicated that methanol can be produced 
from synthesis gas derived from woody plant 
feedstock.
Biochemical conversion experiments have been 
conducted for a 10,000 head cattle feedlot. 
This facility proved the technical and 
economic viability of anaerobic digestion 
systems utilizing animal manure. Additional 
experiments with on-farm manure digesters 
(50-500 head of cattle) indicated that 
biogas can be produced at lower costs than 
propane or fuel oil.
Photobiological research in the production 
of hydrogen for fuel and/or chemicals has 
produced an in vitro cell-free system with 
high efficiency. Data indicates that hydro­ 
gen can be produced at a cost less than 
hydrogen produced from electrolysis. Another 
achievement has been the isolation of bac­ 
teria and blue-green algae with 5% photo­ 
synthesis efficiency. Experimental systems 
to produce hydrogen have operated continuously 
for several days at a pressure of 700 pounds 
per square inch.
Geothermal Program. Today, there are 20 
new geothermal steam plants and 30 geo- 
thermal hot water plants being planned or 
under development. By 1990, 2000 MWe of 
new power will be in production using 
geothermal resources. High temperature 
(400°F+) geothermal have been identified 
and are either in use or under develop­ 
ment. Resource exploration and research 
has identified five times as many medium 
quality sources with geothermal hot water 
potentials of from 300° to 500°. These 
discoveries provide the geothermal resource 
temperature ranges for which systems 
research and development is being concen­ 
trated.
Binary systems which use heat exchangers 
to transfer energy to working fluids to 
drive generators are being examined. 
Scrubbers for hydrogen sulfide are under 
development, and techniques for the preven­ 
tion of land subsidence through fluid 
injection are being tested. Other efforts 
are being made to prove the feasibility 
of extracting energy from hot dry rocks 
and of producing methane from geothermal 
resources.
Ocean Energy Program. The ocean energy 
program has two major sub-programs, one 
addresses the conversion of ocean thermal 
energy (OTEC), and the other addresses the 
utilization of ocean wave and currents 
energy. Research and development focuses 
on the identification of materials and the 
improvement of system designs so as to 
reduce risk and improve performance thereby 
enabling private industry to exploit the 
potential of ocean energy resources.
The study and testing of designs and mate­ 
rials for components and subsystems (cold 
water pipes, power systems, and cables and 
moorings) is essentially complete. OTEC 
power operating systems were tested at sea 
and proved the technical feasibility of 
operations. Included were performance of 
cleaning system tests on a titanium shell 
tube heat exchanger proving that the system 
would not foul under conditions of inter­ 
mittent chlorination and Amertap ball clean­ 
ing. A 40 MWe proof of concept plant is 
now being considered.
Wave and currents energy research has in­ 
cluded the development of a 200 KWe pneu­ 
matic wave energy turbine. Current concept 
designs indicate a probable cost of $1500 
to $1800 per KWe hour of installed capacity 
for this unit.
Hydropower Program. The production of elec­ 
tricity by hydropower has been in process
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for over 100 years, and approximately 50% 
of the existing 3209 hydropower plants 
(about 38,000 MWe capacity) has been devel­ 
oped by Federal agencies. Recent research 
has focused on cost reduction techniques 
such as the use of pumps as turbines, and 
on ultra low-head (less than 10 feet) 
applications. Efforts are also being made 
to increase the awareness of states and 
industrial ^velopers fo the potential 
benefits of low-head hydropower.
Municipal Waste Program. Research has been 
restricted largely to the design of hard- 
wa e used in materials separation. It is 
es imated that annual materials recovery 
potential of up to 13 million tons ferrous, 
1 million tons aluminum and 15 million tons 
glass is attainable in the U.S.
Experiments have proven the concepts of 
submitting municipal waste to anaerobic 
digestion for the production of methanol 
gas, for the conversion of waste cellulose 
to sugar for ethanol fuel production. 
Estimates as to the annual energy recovery 
potential from all U.S. municipal wastes, 
utilizing these techniques, range from 
300 to 400 million barrels of oil equiva­ 
lence.
Active and Passive Heating and Cooling Pro­ 
grams. Research and development for active 
solar heating and cooling concentrated on 
five types of systems:
o direct solar space and water heating
systems,
o combined solar/heat pump systems, 
o solar-driven absorption systems, 
o solar-driven Rankine systems, and 
o solar-driven dessicant systems.
Over 70 major manufacturers of active solar 
water heaters have installed over 300,000 
systems. Four solar-assisted heat pumps 
have been developed with a coefficient of 
performance of 9-10. Solar cooling systems 
using Rankine and absorption design of 3, 
10, 25 and 200 ton capacity have been tested 
and achieved steady state coefficient of 
performance of 75.
Passive and hybrid solar heating and cooling 
has focused primarily on the identification 
of thermal requirements for various kinds 
of buildings, and the performance character­ 
istics of passive heating systems. Twenty- 
five passive solar heated buildings are now 
being tested, while throughout the country 
developers have constructed and sold, over 
50,000 passive buildings. Forty-two com­ 
mercial buildings with integrated passive 
heating/cooling and daylighting designs are 
under test. Passive components and materials 
have been developed which include:
o heat mirror glazing, 
o modular collection, storage and dis­ 
tribution window assemblies, and 
o phase change wall assemblies.
Solar Power Satellite Program. Solar Power 
Satellite (SPS) systems were proposed as 
high potential advanced concepts for deliv­ 
ering electric utility power baseloads from 
space employing orbiting satellites to 
transfer power by high-precision microwave 
beams to ground receiving stations. Basic 
research to establish an initial under­ 
standing of the technical, economic, social 
and environmental issues encountered numer­ 
ous technical and institutional barriers. 
Resulting postponements place existing 
schedule baselines in doubt.
SUMMARY
Progress in the development, conduct and 
achievements of renewable energy programs 
has been significant. Starting from 
conditions wherein the development and use 
of renewable energy systems was attempted 
primarily on experimental bases, funda­ 
mental steps have been taken to establish 
an educational, industrial and economical 
infrastructure and to identify, standardize 
and improve systems designs and materials 
so that it is now reasonable to expect that 
the opportunities which lie ahead for the 
further application of renewable energy 
systems to National energy needs can be 
realized.
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